Abstract A total of 16 patients in our clinic (six women, ten men; mean age 54.87 years, range 38-78 years) were diagnosed as having a sacrococcygeal chordoma. Pain was the presenting symptom in all patients. In five patients, the chordoma was inoperable. A total of 11 patients were followed-up for a mean period of 64.8 months (range 7-152 months).
Introduction
Sacrococcygeal chordoma is a rare primary malignant tumour of the bone, and it is the most common primary sacral tumour [4, 7] . Chordomas are usually diagnosed late in the disease course and can become quite large. Management of chordomas has included surgical resection, radiation therapy and chemotherapy. Despite these therapy modalities, recurrence is common [1, 14, 25] .
The tumour rarely invades the rectal wall because the periosteum and presacral fascia are tough membranes that resist transgression by the tumour [15] . The proximity of the tumour to the rectum, neurovascular structures and organs such as the bladder make surgical excision difficult. Due to this difficulty, postoperative morbidity is high. Wide resection offers the best chance of cure and long-term disease-free control, but yields a substantially higher morbidity than subtotal intralesional resection.
Patients and methods
A total of 16 patients (six women, ten men; mean age 54.87 years, range 38-78 years) were diagnosed as having a sacrococcygeal chordoma in our Department of Orthopaedic Oncology from March 1986 to May 2005. In all patients with a chordoma, pain was the presenting symptom. Diagnosis was made via posterior fine-needle aspiration biopsy (four patients), Tru-cut needle biopsy (five patients) or open biopsy (seven patients). Five patients were diagnosed as having inoperable tumours, and two of these were lost to follow-up.
Before surgery, patients were evaluated neurologically, and this included tests of sphincter function and continence. At the time of tumour diagnosis, three patients had urinary incontinence, two had lower extremity paresthesia and three had lower extremity muscle weakness. In all patients, X-rays and computerised tomography (CT) were performed preoperatively. Magnetic resonance imaging (MRI) was performed in 12 patients. Table 1 summarizes the patients' characteristics.
For chordomas, surgical procedures are usually classified as wide resection, marginal excision or intralesional excision according to the following criteria. Wide resection involves en bloc excision of the tumour with the plane of resection passing through normal tissue (negative margins). Marginal excision involves removal of the tumour en bloc, with the plane of dissection passing through the pseudocapsule. Intralesional excision involves debulking, in which the tumour is removed piecemeal [7] .
In the eight surgical patients who were followed up, a total of 12 operations was performed (four anterior and posterior, eight posterior only; nine marginal excisions, three intralesional excisions).
In the total of 11 patients who were followed up (eight operable, three inoperable), repeated evaluations included neurological examination as well as pelvic CT and MRI to check for tumour recurrence. Thoracic CT was also performed to check for lung metastases when this was considered necessary.
Results
A total of 11 patients were followed for a mean period of 64.8 months (range 7-152 months). The mean time interval between onset of symptoms and diagnosis was 20.42 months (range 3-84 months).
Radiation therapy was administered in the three patients who were diagnosed as having inoperable tumours. In the eight patients who underwent surgical treatment, a total of 12 operations were performed: four anterior and posterior, eight posterior only, nine marginal excisions, and three intralesional excisions (Table 1) .
Out of the eight surgical patients, five had neurological deficits postoperatively, with some patients having more than one deficit: bowel dysfunction (four patients), urinary incontinence (four patients), lower extremity muscle weakness (three patients) and wound infection (three patients). The infections were brought under control with debridement and the use of a first-generation cephalosporin. One of these patients (Patient 8) developed a soft tissue defect related to the infection, and this necessitated closure with a skin graft.
After the nine marginal excisions, local recurrence was encountered nine times (88.8%) within four to forty-five months of operation (Table 1) . Metastatic lesions were encountered in five patients, two of whose metastatic disease was discovered when the inoperable chordoma was diagnosed. In the other three patients metastases developed at 12, 24, and 78 months after chordoma surgery. Of the five patients with metastatic disease, two died from complications due to lung metastases (Table 1) .
In three patients the S 1 nerve root was cut unilaterally during surgery; these patients developed bladder dysfunction and lower extremity muscle weakness, and one of them also had bowel dysfunction. In two patients, the S 2 nerve roots were cut bilaterally, and these patients developed bladder and bowel dysfunction. In one patient the S 2 nerve root was cut unilaterally, but by four months, urinary function had returned to normal (Patient 9).
Out of the total of 11 patients (operable or inoperable) who were followed up, eight patients experienced continuing disease, two patients died from metastases, and one patient was still disease-free nine months after surgery. In one patient, lower extremity weakness was progressive and this patient eventually became unable to walk. Of the patients who were able to walk, seven could walk with the use of a cane and one needed no assistance or equipment.
Discussion
Sacrococcygeal chordomas are malignant low-grade tumours, arising from remnants of the notochord [2, 13] .
Because chordomas can develop insidiously, there can be a considerable time-lapse between the onset of symptoms and diagnosis. In our patients this interval was, on average, 22.34 months (range 3-84 months). This interval is longer than others reported in the literature [6, 14, 20] .
The conventional radiographic findings in sacrococcygeal chordomas are the central location of the tumour, its destruction of several segments of the sacrum and its appearance as an anterior soft-tissue mass that occasionally contains small calcifications [15] . MRI is the best imaging method for evaluating the extension of the tumour into soft tissue.
The reported rates of metastasis occurrence with chordomas vary considerably in the literature, from 5% to 70% [2, 3, 10, 13, 15, 19, 25] . Of our 11 patients, four had lung metastases and another patient had metastases to both lung and left femur, which amounts to a metastasis rate of 45%.
For the surgical treatment of chordomas, methods include the combined abdominal and trans-sacral approach [11, 12] and the posterior approach [8, 22] . For proximal sacral lesions, the combined extended ilioinguinal and posterior approach is also useful [17] . The posterior approach is satisfactory for lesions at the third sacral segment or further caudal. Combined anterior and posterior exposure must be used for lesions that are located more cranially [9, 12, 15, 18, 21, 23] . The extent of surgical resection plays a major role in determining the length of the disease-free interval [14, 25] . Bergh et al. reported that in patients who received a wide surgical excision, the recurrence rate was 17%, while in patients who received intralesional or marginal resection the recurrence rate was 81% [3] . Yonemoto et al. emphasized that if gluteal invasion is present, the risk of recurrence is higher, and therefore a wide posterior surgical margin is important [24] . In our series, six out of eight surgically treated patients had gluteal invasion and the chordomas were large. A total of 12 operations were performed in eight patients (nine marginal, three intralesional). Of the nine marginal resections, eight were followed by local recurrence (88.8%).
The risk of postoperative neurological deficits is related to the number of sacrificed nerve roots [15] . The loss of the S 4 and S 5 nerves is not associated with any significant urinary or bowel problems [3] . All of these potential consequences must be discussed with patients before surgery. In our series, out of the five patients who had S 1 and S 2 nerve root damage, four had permanent sphincter dysfunction postoperatively.
Transrectal biopsy is not recommended in chordomas due to the risk of the rectal wall and presacral fascia becoming contaminated with tumour cells. If transrectal biopsy is performed, then the rectum must be resected during chordoma surgery [13] . All of our patients received posterior biopsies and the biopsy site was excised during surgery.
Radiotherapy after intralesional excision of chordomas has been reported as ineffective in some studies [5, 20] , but other studies have reported that it can extend the time interval to recurrence [16, 25] . In one of our patients with inoperable chordoma, the patient's complaints of pain and paresthesia resolved during the course of radiotherapy. Of the three patients who underwent intralesional excision, local control was achieved in two by means of radiotherapy. In our opinion adjuvant radiation therapy improves local control and pain, but does not improve the chances of cure in patients with subtotal resections.
Repeat operations are associated with higher morbidity than initial operations because of extensive scarring and difficulties in establishing tissue planes. For this reason, the widest possible surgical margins should be achieved in the first operation.
For long-term control of sacral chordomas, the superiority of wide resection over subtotal or even marginal intralesional resection is well known. For the patients in our series, wide resection was not possible because the tumours were very big, invading neighbouring tissues, and most patients wanted their sacral nerve roots to be retained; therefore, their disease could not be eradicated. Chordoma is a locally aggressive but slow-growing tumour, so early diagnosis and wide resection increase the chances of longterm control.
